Tics wax and wane regarding their severity, while their expression is affected by nonmotor sensory or cognitive elements that are mostly known as "premonitory urges." Since premonitory urges are often used in non-pharmacological interventions to decrease tic severity, it is of interest in the present study to examine whether premonitory urges can actually predict tic severity. Fifty-two children and adolescents diagnosed with tics and Tourette syndrome (29 children with provisional tic disorder, 16 children with chronic motor tic disorder, and 7 children with Tourette syndrome) were included in the study. Their age ranged between 6 and 15.7 years (mean age 9 years and 2 months). All participants completed the YGTSS (Yale Global Tic Severity Scale) in order to assess tic severity and the Premonitory Urge for Tics Scale (PUTS) to measure premonitory urges (PU). Regression analysis revealed that PU were present at a higher rate in older subjects (>12 years of age) than in younger children and with a higher level of tic severity. Although the presence of PU was associated with tic severity across the entire age range, there was a stronger association between PU and tic severity in older children. A better insight into the pathophysiology of premonitory urges could possibly lead to the identification of new therapeutic modalities targeting the sensory initiators of tics in future research.
INTRODUCTION
Tics are defined as sudden, rapid, recurrent, non-rhythmic motor movements or vocalizations usually appearing in bouts while waxing and waning in frequency, intensity, and manifestation. The most recent categorizations that emerged in the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition regarding motor disorders are developmental coordination disorder, stereotypic movement disorder, Tourette's disorder, persistent (chronic) motor or vocal tic disorder, provisional tic disorder, other specified tic disorders, and unspecified tic disorders (1) .
Tics are the most common movement disorders in childhood with transient tics affecting up to 10% of school-age children (2) . Differences in the reported prevalence of chronic tic disorders from 0.5% to 4% (3-7) may be due to the fact that most cases of tics are mild and may be misdiagnosed or unrecognized by medical professionals (8) . There is general consensus, however, that the male to female ratio is at least 2:1 or higher (9, 10) , with prevalence rates of tic disorders in general ranging from 5.9% to 18% for males and from 2.9% to 11% for females (6) .
Tic expression has been associated with non-motor elements (e.g., feelings of energy, tension, pressure, etc), either sensory or cognitive, that are somewhat difficult to categorize and have been named "premonitory urges" (11, 12) .
The interacting systems involved in tic generation are primarily the SMA (supplementary motor area) which is implicated in pre-tic events (premonitory sensations) and secondarily the somatosensory and premotor cortex, which are implicated in tic execution in addition to classical neural pathways associated with voluntary movements (13) .
The premonitory sensations that precede most tics are relieved by the tic itself (14) . Some authors opine that premonitory sensations increase with age (15) . The core feature of tics that distinguish them from other hyperkinesias, particularly myoclonus and chorea, is that they are suppressible for variable periods of time (from seconds to hours). The ability to suppress tics depends on the strength of premonitory sensations that have to be "released" sooner or later. Other authors claim that there is no relation between the perceived strength of premonitory sensations and patients' ability to inhibit tics (16) .
Only a few studies have looked at the relationship between premonitory urges and tic severity and reported contradictory findings. Woods, Piacentini, Himle, and Chang (17) found that increased awareness of premonitory sensations was linked to more severe tics, while Steinberg et al. (18) did not confirm this relationship. Moreover, although premonitory urges do occur in young children, they are often looked for in patients after the age of 10 (18) . Therefore, the purpose of this study is to explore whether premonitory urges can predict tic severity regardless of age, since they are used in non-medical interventions as a tool to suppress tic expression.
METHODS

Patients
The participants were children and adolescents diagnosed with tic disorder or Tourette syndrome in a tertiary neurodevelopmental center of a pediatric clinic who did not receive any medication and were not in remission of their tic symptoms. The diagnosis was made by a multidisciplinary team based on the criteria set by the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) (provisional tic disorder, chronic motor or vocal tic disorder, and Tourette syndrome). The participants were 52 children and adolescents [29 (55.8%) children with provisional tic disorder, 16 (30.8%) children with chronic motor tic disorder, and 7 (13.5%) children with Tourette syndrome; none of the participants met the criteria for chronic vocal tic disorder]. Participants' age ranged between 6 and 15.7 years (mean age 9 years and 2 months). Given the wide age range, the participants were assigned to one of the following two groups according to their age. Group A includes 39 children aged from 6 years to 11 years and 11 months, and Group B includes 13 children aged from 12 years to 15 years and 7 months.
Tools
Clinicians-according to patients' answers-completed the Yale Global Tic Severity Scale (YGTSS) (19) to assess tic severity and the Premonitory Urge for Tics Scale (PUTS) (17) to assess premonitory urges.
YGTSS is a semi-structured clinician-rated instrument of motor and phonic tic severity. The clinician initially notes the presence of motor and phonic tics based on child's and parents' reports over the previous week and behavioral observations. Following this, ratings are made for motor and phonic tics on five domains each: number, frequency, intensity, complexity, and interference. Each dimension is scored on a five-point scale, separately for vocal and motor tics. A total severity score is obtained by summing all scores across vocal and motor tics (range 0-50) or separately for vocal and motor tics. It also includes a separate impairment rating (score range 0-50). A global severity score is determined (0-100) by the sum of the total tics score and the impairment score (19, 20) . The instrument has demonstrated good internal consistency and convergent and divergent validity (19, 20) .
PUTS includes nine items designed to measure both sensory and mental phenomena. Each item is rated on a four-point ordinal scale (from 1 = not at all true to 4 = very much true). The total score is obtained by summing all 9 items (score range 9-36). Higher scores indicate the presence of more frequent pretic urges. PUTS has demonstrated high internal consistency and convergent validity (17) .
Both scales were translated into the local language and back into English by experts proficient in both languages. A small pilot study was conducted with five children and their parents in order to ensure that all questions were comprehensive. No changes were needed, as can be seen from the Cronbach α scores. More specifically, Cronbach α for the subscales and the total score for YGTSS for the specific study ranged from 0.78 to 0.89 and was deemed satisfactory. The Cronbach α for the total PUTS score for the specific study was 0.83 and was deemed satisfactory.
Procedure
The study has received ethics approval from the Bioethics Committee of the University. The participants were approached during their annual clinical visits, and they were asked if they would like to participate in the study. Out of the 65 patients who were approached initially 52 (80%) agreed to participate. Nonrespondents offered mainly lack of time or the patients' young age as an excuse not to participate. Parents signed informed consent forms, whereas patients offered their oral assent to participate. The assessment took place in the clinicians' office, and the patients provided the responses.
The participants were older than 6 and able to read and understand the questions of both scales. The younger ones were given a reading comprehension test to ensure that they could understand the meaning of the question. In two cases that the patient was not able to fully comprehend a question the clinicians rephrased it and offered an example to help them provide the most appropriate answer.
Statistical Analysis
Data were analyzed using SPSS.21 and distribution normality was tested using the appropriate measures. Stepwise linear regression was used to explore whether premonitory urges and age can be used to predict tic severity. Bivariate correlations were run for each age group separately to explore the relationship between premonitory urges and tic severity.
RESULTS
Analysis using χ 2 revealed that there were no statistically significant differences between the two groups of tic disorders in terms of their age (χ 2 = 1.48, df = 2, p = 0.478). (Please see Table 1 ).
There were 38 male (73%) and 14 (27%) female participants. Analysis using χ 2 revealed that there were no statistically significant gender differences between the two age groups [χ 2 = 0.13, df = 1, p = 0.512]. (Please see Table 2 ).
Independent-samples t-test analysis revealed that there were statistically significant differences in the premonitory urges Stepwise multiple regression analysis was used to test if premonitory urges (PUTS) and age significantly predicted patients' tic severity (YGTSS). The results of the regression indicated that premonitory urges explained 27% of the variance (R 2 = 0.27, F(1,50) = 13.87, p = 0.000). It was found that premonitory urges significantly predicted tic severity (β = 0.466, p = 0.000), while age was excluded as a predictor of tic severity (β = 0.138, p = 0.292) A bivariate correlation was run to determine the relationship between an individual's PUTS and YGTSS scores for each of the two age groups. There was a moderate positive correlation between PUTS and YGTSS r(72) = 0.37, p = 0.022 for children aged 6-12 years and a strong positive correlation between PUTS and YGTSS r(72) = 0.65, p = 0.016 for children aged older than 12 years.
DISCUSSION
In the current study we could demonstrate that premonitory urges can predict almost 30% of the variance of tic severity, and this finding provides evidence for the importance of using premonitory urges as a tool to control and eventually eliminate tics using behavioral interventions. For example, habit reversal therapy is an active and effortful form of tic control where patients are trained to pay attention to premonitory urges to prevent expression of the corresponding tic, strengthening thus learned associations between interoceptive urge signals and inhibitory motor command. Patients who were aware early on of their premonitory urges were able to inhibit their tics more effectively (21) , creating a model whereby people perceive their own voluntary actions as an internal signal in the presence of neural noise. Patients with effective tic inhibition may be better at reducing the level of internal noise, thus facilitating detection of their own intentions. It is important to note that perceptual discrimination between different classes of motor signals (e.g., those related to voluntary movements and those related to tics) may enhance even further the voluntary inhibitory control of tics, building on the developmentally inherent skill to discriminate between voluntary and involuntary movements (22) . Therefore, the core deficit underlying tic disorders may extend beyond a simply overactive tic generator and represent a developmental delay in perceptual discrimination between true volition and premonitory urge.
It was shown that premonitory urges are an important predictor of tic severity, even when controlling for age, which means that although older children report more premonitory urges and present with more severe tics, younger children's tic severity is also associated with their perceived premonitory urges. Therefore, age may have limited predictive value for tic severity (22) , and it is therefore essential to stress the importance of training younger patients to recognize and verbally acknowledge their premonitory urges in an effort to suppress their tics more effectively. Although it is established that physiologically premonitory urges precede tic expression in all ages, they are often researched in relation to tic expression and suppression after the age of 10 (11, 12) . This may be due either to methodological limitations (such as sample age and access) or to cognitive limitations that are believed to influence the young child's ability to recognize and verbally express his/her own feelings.
In the study of Gulisano et al. (23) 95 patients (children and adolescents/young people) with Tourette syndrome were assessed. Their results showed that older children were more consistent in reporting premonitory urges than younger ones (i.e., PUTS scores increased with age), confirming also our findings. But they found no correlations between PUTS score and tic severity, in contrast to our findings. The study of Kano et al. (24) also had similar findings with our study where the PUTS total scores were significantly correlated with the YGTSS subscales scores of number, complexity, and interference, which were identified also by Woods et al. (17) .
Moreover Tinaz et al. (25) found a positive correlation with both the urge to tic and tic severity in patients in Tourette syndrome.
It should be stressed that patients who learn to focus on their premonitory urges in order to control their tics are likely to experience an initial increase in their tics. The role of attention in generation and perception of involuntary movements is increasingly recognized. Patients with Tourette syndrome who pay attention to their tics present with more tics (16) . If children and/or adolescents and their parents learn to deal with this sudden, but temporary, increase of the symptoms they are trying to suppress, it could lead to better therapeutic results. Clinicians can also use techniques that are effective with children with obsessivecompulsive symptoms or attention-deficit/hyperactivity disorder to deal with tic symptomatology since the comorbidity is high and there seems to be an underlying effect of the presence of premonitory urges (26) that needs to be further explored.
Some drawbacks of our study need to be addressed. There was no age of onset for PU reported because as Cavanna et al. (27) discussed, it is likely that patients become aware of their urges to tic through a maturational process, which is largely independent of tic onset (16, 17) and could be the expression of a transition from simple sensory perceptions to fully fledged consciousness (27) . Greene et al. (28) reported that determining the date of tic onset is difficult as there is no clinical gold standard for doing so. There are some tics like frequent blinking that the parent could have overlooked may be a tic. However, there is still the possibility that other past tics may have gone unnoticed, which is an inevitable limitation of studying this population.
Also, from the very start of the study, we have restricted the study sample to treatment-naive patients without any comorbidities, thus limiting the range of various scores.
Despite these limitations, the present study provides significant insights into premonitory urges and tic severity and is the first study involving children in our country. The current results, that premonitory urges can predict tic severity-although the level of PU was associated with tic severity across the entire age range, there was a stronger association between PU and tic severity for the older children-suggest that further research on premonitory urges in relation to tics is warranted for better understanding the role that premonitory urges play in the maintenance of tic disorder.
CONCLUSIONS
This study solidified the speculation that premonitory urges can account for a significant variance of tic severity irrespective of the child's age. Therefore, it is important to use active tic control techniques that teach children ways to detect their premonitory urges in order to eventually suppress their tics. This suggestion is in line with European guidelines that propose behavioral interventions as the most effective way to treat tics followed by medication only in case that the former is not working. It is also likely that a developmental delay in perceptual discrimination between true volition and premonitory urge influences the child's ability to recognize premonitory urges, and this limitation could be partially overcome through physiological measures to detect premonitory urges.
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